ESTIMATION OF THE CORRELATION BETWEEN THE RETENTION OF s-TRIAZINE DERIVATIVES AND SOME MOLECULAR DESCRIPTORS

INTRODUCTION
1, 3, 5-Triazines (or s-triazines) are a class of compounds well known for a long time and are still being the object of considerable interest, mainly because of their applications in agriculture as the basis for various herbicides (1, 2) . Furthermore, some s-triazines display important biological activities, such as cytotoxic (3), anticancer, or antibacterial, which makes them attractive in various medical applications. Due to different physical and chemical properties and different reactivity of s-triazine derivatives, they may be individually separated. Modeling and prediction of the physicochemical properties of organic compounds have been expanding rapidly in many scientific fields (4) . Over the last several years, an increasing number of studies have focused on the correlations between chromatographic retention data of analytes and molecular structure parameters (5) . This kind of research is a very important theoretical field in chromatography which can provide valuable data regarding (a) the prediction of retention for a new solute (6), (b) the identification of the most relevant structural descriptors and (c) the prediction of relative biological activities within a set of compounds (7) . Chromatographic techniques may be considered as a traditional approach for the fast estimation of lipophilicity. Due to the variability of experimental conditions, the establishment of the universal lipophilicity scale is the major problem of this method. Although thin-layer chromatography (TLC) is a relatively old technique, it is used in the various quantitative structure-retention relationship (QSRR) studies of organic molecules. Besides the advantage of lipophilicity being determined in a rapid and simple way, the technique of planar chromatography implies a wide choice of adsorbents and solvents and exceedingly small amounts of substance for testing, as well (8, 9) . In the case of TLC, the QSRR studies are usually based on the use of R M value defined by the Bate-Smith equation (10):
where R F is the retention factor, defined as the ratio of the distance traveled by the centre of the spot to the distance simultaneously traveled by the mobile phase. In the case of RP-TLC, R M values are related to the molecular lipophilicity through linear correlation according to the equation:
where φ stands for the concentration of the organic component in the mobile phase, and S is the slope. Extrapolation to pure water, based on the Soczewinski model leads to the estimations of lipophilicity, whereas Eqs. [1] and [2] are the bases for deriving data for the QSRR studies. In the RP models, it has been verified that the octanol-water partition coefficient log P is in the linear correlation with R M 0 and therefore chromatographic data have often been used to calculate the lipophilicity parameters (R M 0 ), and these are commonly used as quantitative TLC retention descriptors and QSRR models to predict the R M values of different organic molecules (11) . Few studies are focused on the QSRR of s-triazine derivatives, and they all are based on the use of some newly developed topological indices (connectivity index -Randiš connectivity index) (12) (13) (14) . Due to our interest in the possible biological activity of the newly prepared s-triazine derivatives, our work was mainly focused on the quantification of molecular lipophilicity as a source of the valuable information in QSRR investigations (15, 16) . This work is an extension of some previous studies based on the simplest QSRR between the calculated log P values and R M 0 , when significant correlations were obtained (17, 18) . Therefore, our aim was to estimate the lipophilicites for s-triazine compounds, to select suitable descriptors, and develop a statistical model that may be used to predict lipophilicity for a new solute in a satisfactory way, in order to better understand the separation mechanism through the studies of QSRR.
EXPERIMENTAL
The investigated compounds were 1,3,5-triazines substituted at the position-s 4 and 6 by smaller and larger groups with various lipophilic characteristics ( Table 1) . Compounds were synthesized in the laboratory at the Department of Organic Chemistry in Faculty of Technology and Metallurgy, University of Belgrade (19, 20) . Chromatographic analyses were performed on 10 × 10 cm high-performance thin-layer chromatography (HPTLC) plates coated with C-18 silica F 254 (Merck, Darmstadt, Germany). All calculations were performed using the computer software Origin, Version 8.1 (21) . The partition coeffi-cients Clog P, Alog P and milog P values were calculated for the compounds by applying different theoretical procedures (22).
Statistical Methods
Full geometry optimization based on CS Chem-Office Software version 7.0. (Cambridge) (23) . All molecules were constructed by using Chem Draw Ultra 7.0. and saved as the template structures. A set of molecular descriptors was selected to reflect geometrical, electronic, and physico-chemical properties of the compounds were calculated using the ChemSilico software (24). 
Lipophilicity of analytes
The lipopholicity of bioactive compounds is an important physicochemical property. The hydrophobic nature of a drug can be represented by a rather simple term, the logarithm of the 1-octanol-water partition coefficient, log P. It is known that this property is significantly related to the activity of drugs and their transport through membranes. Instead of the classical method of measurement of log P values, partition chromatographic data can be employed and reversed-phase thin-layer chromatography is frequently used to estimate the lipophilicity of organic compounds. R M 0 values are usually used for characterization of the hydrophobicity of substances. The calculated Clog P, Alog P and milog P values were compared with the hydrophobicity values R M 0 evaluated from the chromatographic results. The graphs obtained for these correlations are presented in Figure 1 . These results are in accordance with previous reports of the retention behavior of some s-triazine derivatives (25) .
Structural descriptors of analytes
The molecular descriptors are the basic tool for any QSRR approach. They encode structural chemical information and are useful for a better understanding of molecular properties. The descriptors obtained after applying the variable selection routine served as the input data for MLR analysis and are presented in Table 4 . Table 4 . The molecular descriptors used in this study *milog P, Alog P, Clog P -the partition coefficients were calculated by applying different theoretical procedures, pKa -dissociation constant, logW -water solubility, MR -molar refractivity, Et -total energy, GGibbs energy, 0 χ, 1 χ, 2 χ, 3 χ, 4 χ -connectivity index (Randiš connectivity index) chi -0, 1, 2, 3, 4 (respectively).
The multiple linear regression (MLR) analysis is the most widely used linear correlation method. It is based on the principle of polylinearity (Eq. 3):
where D 1 , D 2 , D 3 and D n are descriptors, n is the number of descriptors. As a general rule, the samples (N) should be larger than 2 m (m is the number of descriptors used in the correlation). As the number of descriptors increase-s, however, the MLR becomes problematic, for example, redundancy of information when descriptors are correlated. In this paper, the retention was the dependet variable, y, and the structural descriptors obtained from molecular modeling were the independent variables. The quality criteria of the fit in the regression analysis were the coefficient of determination (r) and standard deviation (SD).
The regression models with the best statistics for methanol as modifier of mobile phase was that including 1-octanol-water partition coefficient (milog P), Gibbs energy (G), total energy (E t ) and connectivity index -0 χ, 2 χ, 4 χ for acetonitrile as a second modifier of mobile phase: Gibbs energy (G), total energy (E t ), dissociation constant (pKa), partition coefficient (Alog P) and connectivity index -3 χ, 4 χ. Resulting models were summarized in Table 5 . From the selected regression equations and statistics presented in Table 5 , some general conclusions can be made. Equations present that the retention depend-s mostly on the lipophilicity of the analytes as expressed by the logarithm of their 1-octanol-water partition coefficient. This is in accordance with the significance of hydrophobic interactions in a typical RP system. Besides, the connectivity indices (different order-s) as descriptors found to be important factors affecting the retention and therefore the lipophilicity, determined chromatographically. The results given in Table 5 suggest that all proposed models are reasonable QSRR models.
CONCLUSION
In the present study, QSRR methodology was used to investigate the connection between the chemical structure of s-triazine derivatives, their physicochemical properties activity and the chromatographic retention. The descriptors selected that are most important for chromatographic behavior of the s-triazine derivatives are lipophilicity and connectivity indices. Ten multiple linear regression QSRR models (in generally for methanol and acetonitrile modifiers) based on the most relevant descriptor were developed. The MLR statistics confirmed the importance of the hydrophobic interactions in the total retention mechanism of the investigated s-triazine compounds. Predictive ability of the MLR model and equations based on physically meaningful parameters allow us to estimate the lipophilicity of similar compounds.
